ABSTRACT
INTRODUCTION
The incidence of infertility ranges from 10% to 15% among couples (1, 2) . Examining the etiology of infertility among couples reveals isolated female factors to be the cause in 40% to 50% of cases, isolated male factors to be the cause in 30% of the occurrences, and both male and female factors to be the cause in the remaining 20% of cases (1) . Therefore, male factors are either directly or indirectly involved in approximately 50% of infertility cases. Spermatogenesis is performed by germ cells in the seminiferous tubules. The basic process includes stimulation of Sertoli cells by follicle-stimulating hormone (FSH), which is secreted from the pituitary gland, and the stimulation of testosterone synthesis following Leydig cell stimulation by luteinizing hormone (LH), which is also secreted from the pituitary. For this reason, FSH, LH, and testosterone are used as markers of spermatogenesis and testicular activity in males. Abnormalities or disruptions in sperm production are indicated by deterioration of sperm number and movement and may result in infertility (3) . Many factors affect the male reproductive system and lead to infertility. Among the etiological factors of male infertility, varicocele, sexual factors, congenital anomalies, urogenital infections, endocrine disorders, and immunological factors are all important, and idiopathic causes of semen alteration account for up to 75% of cases (4) . Additionally, obesity, radiation, climate, environment, occupation, and drug usage may also affect male fertility (5) (6) (7) (8) . Antidepressants and antipsychotic agents are extensively used, both in the short and long term, depending on various indications. Among the agents used in psychiatric practice are monoamine oxidase inhibitors, tricyclic antidepressants, selective serotonin reuptake inhibitors (SSRIs), serotonin and noradrenaline reuptake inhibitors, selective noradrenaline reuptake inhibitors, noradrenaline and dopamine reuptake inhibitors, noradrenergic and specific serotonergic antidepressants, and benzodiazepines, with SSRI medications accounting for the majority of drugs prescribed (9) . SSRI drugs include fluoxetine, fluvoxamine, sertraline, paroxetine, citalopram, and escitalopram. SSRIs are frequently prescribed, and their use is directly proportional to the frequency of mental disorders, observed in 6-18% of the population (10, 11) . Approximately 80% of psychiatric disorders diagnosed are depression and anxiety, for which SSRIs are the first-line drug in treating these conditions (10, 11) . Both disorders are observed more frequently at reproductive ages, i.e., between the ages of 15 and 50 years. Indeed, SSRIs are frequently used, and they constituted 65% of all new drugs prescribed for 20.5 million psychiatric patients in the year 2000. Approximately 6 million males have been reported to use SSRIs (11) . Among these, sertraline, paroxetine, and fluoxetine are very well known drugs used to treat premature ejaculation, particularly in urological practice (12) .
Oxidative stress is a disturbance in the balance between the production of reactive oxygen species (ROS) and antioxidant defenses, which can damage DNA, proteins, and lipids, ultimately leading to apoptosis or necrosis in living cells. Several factors cause oxidative stress, including drugs. In the last decade, the SSRI class of drugs has been reported to be associated with sexual dysfunction, gastrointestinal disorders, insomnia, headaches, anorexia, weight loss, nausea, diarrhea, and palpitations as well as both male and female infertility (13) . The relationship between the serotonergic system and male reproductive system has been evaluated only in a limited number of studies. In this study, the effects of SSRIs on testicular tissue and serum malondialdehyde (MDA) levels were investigated.
MATERIALS AND METHODS
This study was approved by the local ethics committee (ethical approval number 2011-HA-DYEK-047). A total of 40 male Wistar albino rats, 5.5-6 months old, were used in the study. The experimental animals were housed at 18-22ºC throughout the study period of 8 weeks and had free access to rat food and tap water ad libitum. All surgical procedures were performed under xylazine/ ketamine anesthesia in sterile conditions. The rats were randomly divided into five groups of eight as follows: group 1 was the accepted control group, group 2 received 10mg/kg sertraline, group 3 was administered 10mg/kg fluoxetine, group 4 received 10mg/kg escitalopram, and group 5 was administered 20mg/kg paroxetine. Each dose was administered orally for two months, as previously reported in the literature (14) (15) (16) . All groups were compared to the control group. In addition, the sertraline group, fluoxetine group, escitalopram group, and paroxetine group were compared to identify their differences in Johnsen scores.
Both testes of all rats were harvested for pathologic examination. Each testis was cut into two halves, placed in a 10% formalin solution, processed by routine histological methods, and embe-dded in paraffin blocks. The sections were cut by a rotary microtome and stained with hematoxylin and eosin. The stained sections were studied under a light microscope to evaluate spermatogenesis. Johnsen's criteria were used to categorize spermatogenesis. This system describes the preservation of spermatogenesis, on a scale from 1 to 10, according to the absence or presence of the main cell types arranged in order of maturity. A Johnsen score of 9 or 10 indicates normal histology, a score of 8 signifies hypospermatogenesis, a score of 3-7 implies maturation arrest, a score of 2 indicates germinal cell aplasia (Sertoli cells only), and a score of 1 represents tubular fibrosis ( Table-1 ). The germinal epithelium of at least 50 tubules was assessed for each testis, and the mean Johnsen' score was calculated for each rat. Blood samples from the inferior vena cava were stored in heparin-free tubes for biochemical analyses. After centrifugation (2000 x g for 15 min at +4ºC), the serum samples were stored and frozen at -70ºC.
Biochemical Analysis
Blood samples were drawn into Vacutainer serum separator tubes and allowed to clot for 20 minutes at room temperature before the serum was separated by centrifugation (1500 x g for 10 min at 4ºC). The serum samples were then separated from the clot within one hour of blood collection, transferred to a clean test tube, and stored at -70ºC until examination. Rat LH, FSH (Cusabio Biotech, China), and testosterone (Uscn Life Science Inc., China) were measured using ELISA kits according to the manufacturers' instructions. Serum MDA levels were also measured using a method based on reaction with thiobarbituric acid (TBA) at 90-100ºC (17) . Serum MDA levels were considered to indicate lipid peroxidation and oxidative stress.
Statistical analysis
The Kruskal-Wallis test was used to compare continuous data between groups. For multiple comparisons, the Bonferroni-adjusted Mann-Whitney U test was employed. Continuous data are given as the median and interquartile range (quarter 1 to quarter 3). A p-value of < 0.05 was considered significant. Analyses were performed using SPSS 19 (IBM SPSS Statistics 19, SPSS Inc., IBM Co., Somers, NY).
RESULTS
The mean Johnsen scores were 9.36 ± 0.33, 9.29 ± 0.32, 8.86 ± 0.48, 9.10 ± 0.56, and 
DISCUSSION
Infertility is defined as the inability of couples to achieve pregnancy within 12 months despite regular and unprotected intercourse (1). Drugs have been reported to play a possible role in the etiology of male infertility. Recently, it has been reported that SSRIs may affect semen parameters (13) . SSRIs increase the amount of serotonin in the synaptic clefts by inhibiting serotonin reuptake pumps. To elucidate the relationship between infertility and the use of SSRIs, we need to investigate the relationship between serotonin and the urinary system. In the urinary system, serotonin receptors have been reported to be located in the vas deferens and are responsible for contraction (18) . Serotonin receptors have also been identified in the testes, where they have been shown to play a role in the regulation of testicular blood flow (19) . Moreover, serotonin receptors are also present in the epididymis on epithelial, neuroendocrine, and mast cells (20) . In the epididymis, the serotonin receptors 5-HT2A and 5-HT3 play a role in sperm maturation. Tryptophan hydroxylase, which converts tryptophan to serotonin, has been detected in epithelial and neuroendocrine cells in the epididymis and is also likely to support the local synthesis of serotonin in this region. Studies suggest that serotonin receptors are located in Sertoli cells and are likely to play a role in spermatogenesis (21) . Testosterone is known to be synthesized by LH released from Leydig cells in the interstitial area and to play a role in spermatogenesis. Serotonin receptors, particularly 5-HT2, have been co-localized with LH, and studies have shown that serotonin receptors can bind LH to Leydig cells or play a role in the synthesis of testosterone in Leydig cells. Therefore, serotonin may affect sperm function. The relationship between serotonin receptors and spermatozoa has also been investigated. It has been speculated that 5-HT2A and 5-HT3, detected in the tail of the sperm, play a role in the activity of spermatozoa (22) . According to several studies, a lack or excess of serotonin may also lead to a deterioration of sperm parameters (23, 24) .
The first study on the relationship between male infertility and the use of antidepressants was published more than four decades ago. In 1966, Simpson incidentally identified a spermatogenesis disorder in a patient using trimipramin, a tricyclic antidepressant, with the diagnosis of schizophrenia (25) . Several years later, subsequent studies confirmed this observation (26) . Most of the ensuing studies were conducted in the mid-1980s using tricyclic antidepressants, as it was before the introduction of SSRIs into clinical practice.
Serotonin plays a role in spermatogenesis, and excess serotonin can lead to sperm dys- 
IQR = Interquartile range (quarter 1 to quarter 3).
a: There was statistical significant differences from group 2. LH = Luteinizing hormone; FSH = Follicle-stimulating hormone; MDA = Malondialdehyde function. The negative effects of increased serum and urinary serotonin levels on semen parameters have been reported in many studies (23, 27) . In this context, in their study investigating 70 infertile patients aged 20 to 40 years old, Gonzales et al. reported that increased serum serotonin levels are associated with deterioration in sperm number and function (23) . In a clinical study, Tanrikut and Schlegel reported the detailed examination of two patients with primary infertility and a history of SSRI use. Semen analysis conducted after the first and second months following the discontinuation of SSRI use showed the normalization of semen parameters in both patients (28) . The fact that the semen parameters returned to normal in the time period specified suggests that SSRI usage may have decreased these sperm parameters due to an emission or ejaculation disorder, rather than a sperm production disorder (28) . Indeed, it has been reported that SSRIs may cause emission and ejaculation disorders (29) . In the study of Tanrikut and Schlegel, it was reported that 78% of cases showed DNA fragmentation, which has been shown to be significantly associated with the use of SSRIs (28) . In another study conducted by Tanrikut et al., 35 healthy male subjects with a mean age of 33.9 ± 11.1 years were administered paroxetine for 5 weeks (30) . This study showed no significant change in semen parameters following drug intake, whereas the DNA fragmentation rate increased from 13.8% to 30.3% after drug intake. Consequently, the researchers reported that SSRIs result in misreading of the DNA code by inhibiting DNA binding by AP-2 (30).
In one study, 74 male patients (group 1) who were receiving treatment for depression (citalopram, escitalopram, fluoxetine, paroxetine, or sertraline) and were known to be previously fertile were compared with 44 healthy fertile adults (group 2) who were not undergoing depression therapy. In that work, the sperm counts were found to be 61.2 ± 11.4 million and 186.2 ± 31.4 million in groups 1 and 2, respectively, while the rates of motile sperm were determined to be 48.2% ± 4.6% and 66.2% ± 4.4%, respectively. These differences were found to be statistically significant (31) . In the same study, the group receiving treatment was shown to have significantly poorer sperm morphology. It was also observed that the deterioration of semen parameters was directly proportional to the duration of drug use. In a large study that evaluated 530 infertile male patients, SSRI usage alone was shown to be associated with motility disorders among several factors affecting infertility such as age, smoking, and body mass index (32) . The effect of SSRIs on semen parameters has been evaluated in experimental studies. In a study by Kumar et al., fluoxetine, sertraline, fluvoxamine, and citalopram were demonstrated to negatively affect semen parameters and showed a spermicidal effect (33) . They proposed that the SSRIs bound to sulfhydryl groups in the sperm membrane and impaired ATP synthesis in the sperm by interacting with phospholipids. Similarly, in our study, the Johnsen scores were decreased in all groups compared with the control group.
As reported previously, a deficiency that occurs in Sertoli or Leydig cells will be indicated by an FSH, testosterone, or LH surge (3). SSRIs can affect reproductive hormones. In one study, rats were administered fluoxetine orally for 60 days, which led to decreased testicular, epididymal, and prostate volumes and reduced sperm counts and motility. Significantly decreased serum testosterone and FSH levels were also detected at the end of the investigation (34) . The same study also showed reduced pregnancy rates in rats administered fluoxetine compared with the control group. Our study showed that serum FSH levels were decreased in the fluoxetine group, escitalopram group, and paroxetine group compared with the control group, whereas they were increased in the sertraline group. Several mechanisms have been proposed to explain the reduction in hormone levels, including serotonin inhibition of LH binding to Leydig cells (35) . The previously mentioned study by Tanrikut et al., which included 35 healthy male volunteers who received paroxetine for 5 weeks, also demonstrated reduced levels of serum testosterone and estradiol (30) . Notably, however, the FSH, LH, and prolactin levels were all normal. Other studies have also reported that SSRIs do not affect serum hormone levels (36) .
Oxidative stress is associated with an increased rate of cellular damage induced by oxygen and oxygen-derived oxidants, commonly known as reactive oxygen species (ROS) (37) . The major targets of ROS are membrane lipids, in a process known as lipid peroxidation. Oxidative stress is a pathophysiologic process that is common in a number of disease states (37) . It is also acknowledged that testicular tissues and spermatozoa are very sensitive to ROS attack and lipid peroxidation. The susceptibility of testicular tissues to oxidation is attributed to the high polyunsaturated fatty acid content of sperm membranes (1) . The effect of drugs on semen parameters has been reported in rat models and clinical studies (38) . Serum MDA levels are considered to indicate lipid peroxidation and oxidative stress. In this study, however, there was no statistical relationship between SSRIs and oxidative stress.
In conclusion, according to data obtained in clinical and experimental studies, the presence of serotonin receptors in the vas deferens, epididymis, testis, Sertoli and Leydig cells, and sperm cells support the hypothesis that SSRIs are likely to worsen semen parameters and affect fertility.
Our study demonstrated that spermatogenesis was affected in all groups, but the most prominent effect was observed in the paroxetine group. To elucidate the exact mechanism by which SSRIs and serotonin affect sperm, more experimental studies and larger randomized trials are needed.
